A B S T R A C T The question of whether hypersensitivity to streptococcal antigens plays a role in the pathogenesis of the nonsuppurative sequelae of streptococcal infections remains at present unclear. As a first step in the approach to this question, the degree of cellular reactivity of peripheral blood leucocytes to streptococcal antigens was investigated in a number of rheumatic fever patients, patients with uncomplicated streptococcal infections, as well as normal healthy subjects.
streptococcal membranes was the same in all groups. Patients with evidence of valvular disease exhibited the same degree of cellular reactivity to these antigens as did patients without clinical evidence of rheumatic heart disease.
The nature of the antigens responsible for the observed cellular response remains unknown. Enzymatic treatment of streptococcal cell walls and membranes designed to remove type-specific M proteins did not alter the observed cellular reactivity to the streptococcal antigens. The finding that an abnormal cellular response to certain streptococcal antigens is present only in rheu-INTRODUCTICN The question of whether hypersensitivity to hemolytic streptococci and their products might play a role in the pathogenesis of the nonsuppurative sequelae of streptococcal infections has been the subject of investigation for many years. Starting with the early work of Swift and Derick and Derick, Hitchcock, and Swift in animals (1-3), it was apparent that delayed hypersensitivity to streptococci behaved in a manner similar to that observed for tuberculin sensitivity (4) . Initiation of sensitivity by prolonged focal contact between the intact bacteria and tissues of the host, inability to passively transfer streptococcal-delayed hypersensitivity with serum alone, and the lack of correlation between circulating antibodies to streptococcal products and delayed allergy were all characteristics of the streptococcal hypersensitive state (5) . Apropos of these studies, several intriguing observations concerning the streptococcal hypersensitive state were made. First, repeated small inoculations of heat-killed streptococci were more effective in inducing the hypersensitive state than a single inoculation of living organisms (3) . Secondly, extracts of streptococcal cellular structures were more effective in eliciting the hypersensitive reaction than streptococcal extracellular products. Thirdly, MWen clearly described specific cytotoxic and cellular inhibition effects by streptococcal antigens on explanted host cells from rheumatic patients in tissue culture, as opposed to cell cultures from normal controls. It is interesting that these observations were made at least 20 yr before the emergence of modern in vitro techniques of cellular immunology and cytotoxicity (6) .
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Experiments similar to those described in animals were also carried out in man by several investigators (7) (8) (9) . In using skin tests as an index of delayed sensitivity to streptococcal products, the general consensus of the workers was that hypersensitivity to streptococci and their products was a common occurrence in man and increased in intensity, depending on the age of the individual tested. In general, these reactions were more intense in rheumatic subjects than in nonrheumatic controls (7, 8) , the reactivity was particularly intense with extracts of hemolytic streptococci as compared to nonhemolytic streptococcal strains (8) , and the greatest number of positive reactions were obtained with autogenous streptococci, suggesting some type specificity to the reaction (10) . In this connection, Beachey, Alberti, and Stollerman (11) and Pachman and Fox (12) have recently observed that immunization of guinea pigs with partially purified preparations of different M proteins resulted in specific delayed hypersensitivity (skin tests and macrophage inhibition tests) to the immunizing antigen. However, cross-reactions to other type-specific M proteins were seen, although the reactions were always considerably less than those observed with the type-specific protein used for immunization.
Finally, the cellular nature of this streptococcal sen- While these studies were primarily concerned with the kinetics of the induction of the delayed hypersensitivity state to streptococci and their products, other observations lent support to the concept that streptococcal hypersensitivity played a role in the nonsuppurative sequelae of streptococcal infections. In studies on experimental models of rheumatic fever in animals, a number of investigators (13, 14) have emphasized the need for repeated closely spaced streptococcal inoculations with a marked cutaneous reactivity to streptococcal materials as being a prime prerequisite in inducing the pathological lesions which simulated rheumatic lesions found in man. Rantz and others (15) (16) (17) (18) have also suggested that, in man, repeated streptococcal infections are important for the disease process, and they cite the rarity of rheumatic fever before 3-4 yr of age as evidence for the necessity of an acquired hypersensitivity to streptococcal materials before rheumatic fever occurs.
Taken together, these studies strongly suggest that hypersensitivity to streptococcal antigens may play a role in the initiation of events leading to the disease rheumatic fever. The success in detecting delayed hypersensitivity to a variety of particulate antigens by using the technique of in vitro cellular migration of peripheral white blood cells (19, 20) prompted an investigation into the reactivity of rheumatic and nonrheumatic individuals to various streptococcal antigens. The following report indicates that patients with acute rheumatic fever are highly reactive to streptococcal cellular structures, in particular to the streptococcal membrane, and they maintain this hyper-reactive state for at least 5 yr after the initial attack.
METHODS
Patients. The majority of the rheumatic patients came from the Rheumatic Fever Service of The Rockefeller University Hospital. Some of the acute rheumatics were from other New York City hospitals. Normal controls, as well as patients with uncomplicated streptococcal infections, came from this same urban population and were matched for age and sex.
Streptococcal strains. All strains used in this study were obtained from The Rockefeller University collection and were kindly provided by Dr. Rebecca C. Lancefield.
Isolation of cellular structures. Lyophilized cultures of Group A streptococcal strains S43/197 (Type 6) and A964 (Type 5) were transferred to Todd-Hewitt broth containing 5% rabbit blood. After 18 h of incubation at 370C, 0.5 ml of the supernate of the broth culture was transferred to 35 ml of dialysate medium prepared as previously described (21) and incubated another 18 h at 370C. 10 ml of this culture was transferred to 2 liters of dialysate medium, and after 18 h of incubation, the contents of the 2-liter flask were inoculated into 20-liter batches of dialysate medium and incubated 18 h. Using high speed Sharples centrifugation of the 20-liter culture (Sharples-Stokes Div., Penwalt Corp., Warminster, Pa.), the cells were isolated from the broth and washed twice in isotonic saline, pH 6.0.
These cells were then divided into two portions. One portion was resuspended in distilled water, the cells disrupted in a Braun disintegrator (Bico, Inc., Burbank, Calif.), and the cell walls isolated by methods previously described (22) . A small aliquot of this cell wall preparation was washed in distilled water, lyophilized, and the contents weighed to determine the dry weight of isolated cell walls in the preparation. Knowing the dry weight of the cell walls, the remaining cell wall pellet was diluted in 0.005 M phosphate-buffered saline, pH 7.5, to a concentration of 1 mg/ml and stored in 1-ml aliquots at -700C until use. In this manner, thawing and refreezing of the cell wall preparation occurred only once, and only once-thawed preparations of cell walls were used for each experiment.
The remaining portion of streptococcal cells was resuspended in 0.05 M phosphate buffer, pH 6.1, containing 4% NaCl and 0.005 M EDTA with activated phage-associated lysin (13) . The preparation of streptococcal protoplasts and isolation of the streptococcal membranes from this mixture was as previously described (21 solutions, these sera were prepared as follows: 500 ml of frozen fetal calf serum was thawed, heat inactivated for 30 min at 560C, distributed in 20-ml aliquots, and refrozen at -20°C until use. Normal human AB plasma was separated from the blood cells by centrifugation, inactivated at 560C for 30 min, and stored at -20'C in similar aliquots.
On the day of use, aliquots of serum or plasma were removed, thawed, and mixed with medium to make the appropriate solutions. An additional 100 U/ml of penicillin were added to the complete medium just before use. While solution A was kept for long periods at 40C, it was felt advisable not to store stock solutions of B more than 10 days at 40C.
Isolation of peripheral white blood cells. 50 ml of venous blood was drawn from the median cephalic vein of the anticubital fossa of each patient into an evacuated rubberstoppered bottle containing approximately 10-15 glass beads. The bottle was gently shaken for 10 min and the defibrinated blood was then poured into a graduated glass cylinder. An equal volume of a 2% Knox gelatin solution in Ringer's lactate was added to the volume of blood and the mixture allowed to sediment for 20 min at 370C. The supernate, containing primarily leucocytes, was removed, placed in either plastic (Falcon Plastics, Los Angeles, Calif.) or glass tubes, and spun at 1,500 rpm for 10 min. The celltree supernate was removed and the cells from each tube pooled and resuspended in 10 ml of 0.83%o ammonium chloride for approximately 5 min to lyse the contaminating red cells. The cells were again spun at 1,500 rpm, the fluid removed, and the cells washed twice in Ringer's lactate solution. After the final wash, the cells were resuspended in 10 ml of complete medium (see section on preparation of tissue culture medium). The cells were counted in a hemocytometer (Hausser and Son, Ace Scientific Supply Co., Inc., Linden, N. J.). The cell suspension was again spun at 1,500 rpm and the cell pellet adjusted to 20 million lymphocytes/ml. Nonheparinized capillary tubes (Arthur H. Thomas Co., Philadelphia, Pa.) were filled with aliquots from this cell suspension and sealed with Seal-Ease clay (Clay Adams, Div., Becton, Dickinson and Co., Parsippany, N. J.). The capillary tubes were placed in small plastic tubes and spun at 100 g for 6-8 min. The capillaries were removed and cut at the cell-fluid interface. The portion of the capillary containing the cell pellet was then placed in a small circular 20 X 2-mm planchette (Univers Mekaniska Verkstad AB Herrhagsv, 98 Endkede, Sweden) which was then filled with 0.5 ml of the tissue culture medium and sealed with a cover slip. Antigens in varying concentrations were mixed in the culture medium. Triplicate sets of planchettes were used for each antigen concentration and the appropriate controls. Migration of cells from the capillary tubes was allowed to proceed for 18 h at 370C in an incubator containing 5% C02. A fan of migrating cells usually appeared within 2-4 h after incubation and was complete within 12-18 h. The migrating fan of cells in each planchette was then projected on drawing paper in one of two different ways.
In the first method, a Petri dish containing the planchettes was placed in a standard photographic enlarger specially adapted to contain the Petri dish. The light source of the enlarger was decreased sufficiently to permit easy projection of the fan on drawing paper. The second method made use of a Bausch and Lomb microscope (Bausch and Lomb Inc., Rochester, N. Y.) with a projecting attachment by which the migrating fan was magnified 10 times and projected on drawing paper. Irrespective of the method used for projection of the image, these fans were then traced on paper, the tracings were cut out and were weighed on a balance scale. The index of migration was expressed as the following formula: weights of areas of migration with antigen weights of areas of migration without antigen X 100 = migration index.
The degree of inhibition was calculated by subtracting the migration index from 100.
Statistical analysis. Statistical analysis of the data was calculated by using the Student's t test as described in the Handbook of Chemistry and Physics. The degrees of freedom were calculated from the same book (24 The difference in inhibition to streptococcal membranes in rheumatic vs. normal subjects was highly significant: P = < 0.01.
spectrophotometer (Beckman Instruments, Inc., Fullerton, Calif.). Amino acid analysis of the membrane preparation revealed that there was approximately 3-5% N-acetyl glucosamine and 3-5% muramic acid present. The determinations of these hexosamines was based on a modification of a previously described method (27) . Serological identification. The serological identification of the strains used in these experiments was confirmed with the capillary tube precipitin test using streptococcal group and type-specific rabbit antisera (28) .
RESULTS
Cellular reactivity to streptococcal antigens in rheumatic patients compared to nonrheumatic individuals To examine the possibility that rheumatic individuals have an increased reactivity to streptococcal antigens, a large group of well-documented inactive rheumatic fever patients were compared to nonrheumatic individuals matched for age and sex. The mean antistreptolysin o (ASO)1 titers were essentially the same for each group. Migrations were done with at least two concentrations of streptococcal cellular antigens in an effort to determine whether antigen concentration was a significant factor in the cellular reactivity. Fig. 1 While the number of patients with acute rheumatic fever is admittedly small, Fig. 2 demonstrates that patients with acute rheumatic fever were highly sensitive to streptococcal membranes even at 0.1 ig of this preparation when compared to patients with uncomplicated streptococcal infections. The difference in cellular reactivity was highly significant (P < 0.01). In contrast, there was no difference in the cellular response of both groups when streptococcal cell walls were used as the antigen which suggests that the leucocytes of all individuals react equally to components of the streptococcal cell walls. Although the degree of inhibition with streptococcal cell membranes (40%) in rheumatic subjects appears to be significantly higher than the inhibition values obtained with streptococcal cell walls (28%), statistical analysis of the data failed to reveal any significant difference between the two antigens (P = 0.1).
Repeated determinations of the degree of leucocyte reactivity to streptococcal antigens were carried out in two patients during and after acute illness in order to (a) compare the level of heart-reactive antibodies (30) with the migration inhibition values, and (b) observe the effect of the treatment schedule on these two parameters of host response to the streptococcus. Fig. 3 summarizes the results obtained with patient H. W. On admission, the patient had mitral insufficiency with an elevated sedimentation rate of 85 mm/h, C-reactive protein 4+, and ASO titer of 2,000. The heart-reactive antibody titers were elevated. In addition, the migration inhibition values were between 50 and 60%, which shows a high degree of cellular sensitivity to streptococcal antigens. After 30 days of prednisone therapy, the usual laboratory parameters of an inflammatory process had returned to normal as had the migration inhibition values. During a follow-up period of 14 mo, in the absence of any treatment, the migration inhibition values gradually showed more cellular streptococcal reactivity but never to the degree observed during the acute attack. By 14 mo, the heart-reactive antibody values and other laboratory tests were apparently within normal limits, but cellular reactivity to streptococcal cell walls and membranes still persisted.
The second case, B. S. (Fig. 4) , illustrates a milder case of acute rheumatic fever, with arthritis and fever as presenting symptoms, in which the only treatment was bed rest. On admission, the sedimentation rate was 60 mm/h, C-reactive protein was 2+, and ASO titer was 3,000, but there was no evidence of carditis either by auscultation or repeated electrocardiogram. Although the migration inhibition test initially showed increased cellular reactivity to streptococcal cell walls and membranes, these values rapidly returned to normal within 6 mo of the acute attack. This occurred at a time when elevated heart-reactive antibody titers were still present in the serum of this patient. Migration inhibition responses to streptococcal antigens in rheumatic subjects who had evidence of rheumatic heart disease compared to patients without evidence of valvular damage. The response to streptococcal cell walls and membranes was the same for both groups.
not expect to see a difference in reactivity to streptococcal membranes, the failure to demonstrate any difference with streptococcal cell walls was surprising and may be due to the limited range of antigen concentrations used. (12) have indicated that the typespecific M protein moiety was responsible for the increased cellular reactivity in immunized guinea pigs. These studies suggested that the heightened leucocyte inhibition response to Group A streptococcal antigens might be related to the type-specific M protein surface antigen on streptococcal cell walls. In addition, previous studies involving enzymatic treatment of cell membranes (21) resulted in the release of streptococcal antigens which showed cross-reactive determinants with mammalian muscle tissue. Accordingly, both streptococcal cell walls and membranes were treated with crystalline trypsin (see Methods) for 2 h at 370C. After this incubation, the cell walls and membranes were washed several times in saline and resuspended to the original concentration. Identical preparations of untreated cell walls and membranes were used as controls. Precipitin reactions or agar immunodiffusion studies with typespecific antisera failed to reveal the presence of M protein in the trypsin-treated cell walls. However; in spite of the absence of type-specific surface proteins on these cell walls, Fig. 7 demonstrates that the cellular reactivity to both preparations was essentially equal. In addition, there was no loss of reactivity of leucocytes from rheumatic patients to trypsin-treated streptococcal membrane antigens.
Cellular reactivity to streptococcal antigens from other hemolytic streptococcal groups
In an effort to determine whether the heightened response to streptococcal antigens was peculiar for Group A streptococcal antigens, cell walls and membranes from Group C and D streptococci were also prepared. Leucocytes obtained from rheumatic individuals and normal individuals were compared with respect to the degree of cellular reactivity to these antigens. (34, 35) , and in particular streptococcal antigens, may have mitogenic properties. In view of these findings, the cellular response to streptococcal cell walls and membranes was studied in leucocyte populations obtained from newborn infants. Fig. 9 (37) . Recent studies by Rocklin (38) have shown that a specific factor, leucocyte inhibitory factor, is released by sensitized lymphocytes Previous studies using streptococcal antigens have left some doubt regarding the specificity of the cellular response. Francis, Oppenheim, and Barile (41) felt the lymphocytic response to streptococcal cellular antigens was specific, since cord blood lymphocytes did not respond to these antigens. In contrast, Keiser, Kushner, and Kaplan (34), using essentially the same type of antigens, noted a definite response of cord blood lymphocytes to these antigens and felt the cellular reactivity was "nonspecific" in nature, akin to the response induced by phytohemagglutinin and other mitogens. These conflicting results may be due to the preparations of antigen used. For example, it has been shown by Taranta, Cuppari, and Quagliata (35) that streptolysin "S" preparations contain a separable hemolytic component and a nonspecific mitogenic component. Studies by Keiser et al. (34) suggest that at least part of the transforming material present in extracts of streptococcal cell walls and membranes may be related to the presence of just such streptolysin S-related materials. Our control studies, including normals matched with the rheumatics studied, and especially the studies on cord blood lymphocytes, showed that we were not dealing with a nonspecific mitogen in our antigen preparation.
Our studies have shown a persistent heightened reactivity of peripheral blood lymphocytes of rheumatics to cell membranes of Group A streptococci. This is of particular interest, as this structure was previously shown to contain antigen(s) cross-reactive with sarcolemma of mammalian heart and smooth muscle of blood vessel walls (21, 42) . The nature of the antigen (s) responsible for the observed reactivity is at present unknown. Trypsin treatment of cell walls (and contaminating membrane fragments) did not appear to alter the lymphocytic response to these streptococcal antigens. In addition, the lack of M protein on these treated walls would tend to exclude this protein as an active participant in the reaction. Treatment of streptococcal membranes with trypsin also did not materially affect the cellular response. Whether the lipoprotein portion of the cell membrane plays a role in this reaction has not been ascertained at present, and studies designed to delipidate the membrane are in progress. As mentioned previously, the possibility that circulating antigen-antibody complexes play a major role in the inhibition process appears to be excluded on the basis of the use of heterologous serum in the migration system.
While these results strongly suggest that there is a heightened response to streptococcal antigens in rheumatic individuals, the exact role these sensitized cells play in this disease process remains unknown. The present finding that there is an abnormal cellular response to membrane antigens, coupled with previous reports of an abnormal humoral antibody reactive with streptococcal membrane in rheumatics, could argue strongly for an important role of this cell structure in the disease process. The cross-reactive properties of these antigens might conceivably result in autosensitization to tissue antigens producing cytotoxic effects in the tissues of the host. This concept is in agreement with the histological findings of a large number of lymphocytic cells in and near the pathological heart lesions of rheumatic fever (43) . The observed humoral response might either prepare the tissues for this autosensitization process or act in conjunction with sensitized cells to produce the damage to the tissues.
Experiments to determine the cytotoxic effect of these sensitized cells for mammalian cardiac cell monolayers and the effect of autologous sera on this reaction are now in progress.
